INTRODUCTION
Sunflower (Helianthus annuus L) is one the most important oil crops in the world; it is rich in the nutritional value for human because its oil consists of 90% oleic and 10% linoleic acids whereas, protein content of the seed ranged from 20-30% in addition to the presence of vitamin A, B vitamins, iron, calcium, nitrogen and phosphorus (Arshad and Amjad, 2012). Occasionally, sunflower plant encounter water stress particularly in arid and semi-arid land under Egyptian climatic conditions. Drought Stress is considered the most environmental challenges which represent a serious threat to agriculture worldwide, it cause a considerable loss in the yield for many economical crops. As a result of drought stress, plants respond by changing some physio-biochemical compounds either on cell or molecular levels (Smirnoff, 1993 Several compounds have been used to ameliorate drought stress and improve plant growth and productivity. Polyamines (PAs) are considered as plant growth regulators with a wide range of effects, they are involved in many processes of plant growth and development including DNA replication and cell division (Galston and Sawhney, 1990); regulating of senescence ( Generally, polyamines include di-amine putrescine (Put), tri-amine spermidine (Spd) and tetraamine spermine (Spm). The di-amine putrescine (Put) is considered the most common PAs, it is directly produced from the non-proteinogenic amino acid ornithine through the activity of ornithine decarboxylase (ODC) or indirectly from arginine through arginine decarboxylase (ADC) (Alcázar et al 2010).
Previous study of Ibrahim et al (2016b) revealed that sunflower plants were negatively affected under water stress. Therefore, the purpose of this work was to test the effects of the exogenous application of Put on growth, yield and some physio-biochemical substances which could be acquired drought-tolerance of sunflower plant; additionally, the role of Put in drought tolerance mechanisms could further be understood.
MATERIAL AND METHODS

Experimental layout
Two field experiments were carried out during the seasons of 2014 and 2015 respectively at the Experimental Farm, Faculty of Agriculture, Ain Shams University, Shoubra El-Kheima, Egypt to investigate the effect of foliar application by putrescine (Put) at 0, 0.1 and 0.2 mM on sunflower plants under two different irrigation levels. The experimental soil was clay loam and its chemical analysis was shown in Table (1) . Also, field capacity (FC), wilting point and the available water of the experimental soil were shown in Table ( 2).The physico-chemical and mechanical analysis were determined according to the method of Jackson (1967). Seeds of the local cultivar (Sakha 53) were purchased from The Agriculture Research Center, Giza, Egypt. The seeds were sown on the 1 st and 5 th of June in both seasons of 2014 and 2015 respectively. The area of the experimental unit was 9 m 2 (3x3 m) with 60 cm apart rows and plant spacing 20 cm, an alley (2 m ) wide was left as a border between both irrigation levels. The experiments were arranged in split plot design with three replicates. The applied irrigation levels were assigned in the main plots and the foliar application were distributed in the sub-plots.
Cultural management and irrigation procedure
Fertilization, disease and pest control programs were followed according to the recommendations of the Egyptian Ministry of Agriculture. Two levels of irrigation were started applied 20 days after sowing date. The well-watered and droughtstressed plants have received 55-65 and 25-35% from FC, respectively. To maintain the water level at the examined range during the whole experiment; samples of soil at depth 0-60 cm were taken regularly by an Auger T-Handle every 2 days to determine the soil moisture content by the weight method. The samples were dried at 105 ○ C for 24 hours and re-weighting until it reached a constant weight. The percentage of soil moisture was measured by using the following equation:
Soil moisture% = [(weight before drying-weight after drying)/ weight after drying]* 100
Foliar application and sampling 
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The foliar application of distilled water as a control and putrescine (Put) at 0.1 and 0.2 mM were sprayed twice at 30 and 50 days from sowing (DAS). Every time, Tween 20 at 0.05 ml/L was added as a wetting agent. Plant samples at 60 days old were randomly selected from the inner rows to study the growth parameters and biochemical constituents. Mature heads of plants were harvested at 95 DAS to estimate the yield and its components in both seasons.
Growth parameters and relative water content
The leaves and stem fresh weight were determined at sampling (60 days after sowing) immediately by digital balance. To determine the dry weight for both organs, the samples were dried in air-forced ventilated oven at 70 ○ C until a constant weight (A.O.A.C., 2000). Leaf relative water content (LRWC) was determined according to Unyayar et al (2004) . Leaf discs from 10 leaves were weighted (FW) and placed immediately in distilled water for 2 h at 25
• C and then their turgid weights (TW) were recorded. The samples were then dried in an oven at 110 • C for 24 h (DW). Relative water content (LRWC) was calculated by using the following formula:
LRWC= (FW-DW)/ (TW-DW)*100
Biochemical constituents
Organic osmolytes (proline -total soluble sugars)
Proline concentration was determined by the method of ninhydrin reagent as described by Bates et al (1973) . Total soluble sugars were estimated by the phenol sulphoric acid method as described by Chow and Landhausser (2004).
Leaf Mineral Concentration
Dry leaves were grounded and digested using sulphuric acid and hydrogen peroxide. Leaf concentrations of K and Ca were determined according to Cottenie et al (1982).
Yield and its components
The heads were bagged at early stage of seed development to avoid the damage that could be occurred by birds during the maturity. Seeds weight/head and the estimated yield of seeds (ton/fed) were estimated in the two seasons. 
Statistical analysis
Data were analyzed using SAS Institute Inc, (1988). The means were calculated and Duncan's test (P≤ 0.05) was used to determine significant differences between means; correlation coefficient was also performed.
RESULTS AND DISCUSSION
Changes in leaf water status
As shown in Table ( Under different treatments, it was obvious that put at 0.2 mM increased LRWC under both investigated irrigation levels. These increases reached the level of significance (P≤0.05) under wellwatered conditions in the second season and under drought stress in both seasons respectively in comparison with the controls.
These findings could be attributed to the direct effect of Put on maintaining the membrane integrity; it has been suggested that polyamines (PAs) have a distinct ability on stabilizing the structure of the membranes of the plant cell during biotic and/or abiotic stresses (Tassoni et al 1996; Schuber, 1989) . These effects could achieve through their antioxidant and acid neutralizing properties 
Changes in growth parameters
Data presented in Table ( 4) show that water stress resulted in a significant (P≤0.05) decrease in all studied growth parameters including the fresh and dry weight of sunflower leaves and stem plants in both seasons, respectively. These results are consistent with those reported by Ibrahim et al (2016b). The negative effect of water stress on plant growth could be attributed to the disturbance for several of physiological processes viz., inhibits photosynthesis in the higher plants by decreasing coupling factor and ATP (Tezara et al 1999) . Moreover, it can impair the stomatal conductance and limit CO2 access (Taiz and Zeiger, 2002). Also, the efficient water supply is important for cell turgor and cell wall extensibility which required for normal plant growth and development (Blum, 2011) .
On the other hand, the foliar application of putrescine (Put) at 0.1 or 0.2 mM led to significant (P≤0.05) increases for all investigated growth parameters compared to the control plants in both seasons. Moreover, no significant differences were observed between the effect of both investigated Put concentrations on growth parameters except on stem fresh weight in the second season and stem dry weight in the first one. Generally, the highest significant (P≤0.05) values were obtained by the high concentration of the applied Put at 0.2 mM. The positive effect of Put on the growth parameters could be explained by that polyamines Under all possible treatments, it can be noticed that the foliar treatment of Put at 0.2 mM gave at mostly the highest significant (P≤0.05) increases in growth parameters compared to the control plants under both examined irrigation levels in both seasons. These results could be attributed to that Put may improve the water status (Table, 3 ) and photosynthesis of plants under both examined irrigation levels in this study. Table ( Regarding the effect of foliar application of Put at 0.1 or 0.2 mM on the concentration of proline and soluble sugars in sunflower leaves; the results revealed that there was a significant (P≤0.05) decrease in proline whereas; an opposite trend was observed in regard to soluble sugars compared to the control in both seasons. Several previous reports have been indicated that the exogenous application of polyamines (PAs) Under all different possible treatments, it is obvious that there was a significant (P≤0.05) decrease in the proline content under water shortage by the foliar treatments of Put at 0.1 or 0.2 mM compared to the untreated plants in both seasons. This result revealed that Put may play a pivotal role in the metabolic pathway of proline under drought stress more than normal conditions. On the other hand, soluble sugars were higher under both examined irrigation levels with both applications of Put compared to the controls. The highest significant (P≤0.05) values were obtained by the treatment of Put at 0.2 mM compared to the control under the same level of water supply. These results reflected that applied Put may have a positive effect on the photosynthesis and carbohydrate metabolism regardless the available water supply.
Changes in the organic osmolytes
Data presented in
Changes in the minerals
As shown in Table (6), both K and Ca concentrations were significantly (P≤0.05) reduced by exposing to water stress compared to the wellwatered plants in both seasons. This response may be attributed to decrease the diffusion of ions and their movements from the soil to the roots under water deficit conditions; this relationship was confirmed earlier in the previous publication by Ibrahim et al (2016b) .
Concerning, the influence of applied Put on leaf K and Ca concentration, it can be observed that generally, the concentration of both elements was increased as affected by the foliar application of Put. The highest significant (P≤0.05) increases were achieved by the high examined concentration of Put at 0.2 mM compared to the control in both seasons. The possible role of PAs in maintaining the nutrients balance in plant tissues had been reviewed earlier in many species under diverse environmental conditions. The distribution of K The interaction between the irrigation level and the treatments of Put showed that the treatment of Put at 0.2 mM under both irrigation levels revealed significant (P≤0.05) increases in the concentrations of leaf K and Ca compared to the controls in the two seasons. Increasing these minerals by Put applications may be more convenient for adjusting water status and improving the growth and different physiological processes than the untreated plants in both seasons. For instance, under water stress, it was noticed that PAs can target and inhibit the inward K + channels in guard cells whereas; at the same time they can increase the cytosolic Ca 2+ by activating some specific ion channels on the membranes. This effect may induce stomatal closure under water stress conditions through different signaling pathways (Gilroy et al 1990 and Alcázar et al 2010) and has been considered to be an adaptation response to protecting plants from drought. Under water stress, the relationship between water status of plants and adjusting their contents from wide diverse osmolytes had been well documented in many previous studies. This response could help plants to improve the absorption of water under drought stress (Zhang et al 2010) .
Data presented in Table ( 7) revealed that there were significant correlations among leaf relative water content (LRWC) and its contents from proline, K and Ca, whereas; this relationship was not evident with soluble sugars. Since the increase in LRWC was inversely proportional to proline and directly to K and Ca respectively. These findings indicated that sunflower plants might maintain their water status and adjustment osmotic potential through modifying proline, K and Ca more than soluble sugars under water deficit conditions. These results were in harmony with those suggested by Ibrahim et al (2016b). On the other hand, it is obvious that the accumulation of soluble sugars under water shortage may play an important role in the signaling pathways (Smeekens et al 2010) which are also essential in the adaptive mechanisms to stress (Ramel et al 2009) .
Urthermore, it is known that the availability of water is considered the main factor limiting absorption and translocation of minerals from the roots to the shoot systems in plants therefore water stress decrease transpiration rate and consequently the translocation of minerals through xylem pathway was reduced (da Silva et al 2011). This effect could explain the significant direct correlations between LRWC on the one hand and the concentration of both minerals K and Ca on the other hand.
Concerning, the other interaction relationships, it can be noticed that there was a significant inverse correlation between proline and the concentration of both minerals K and Ca ;in addition, it was found a significant direct relationship between the two minerals (K and Ca) and each other. these results indicated that there were many close linkages between these traits. These responses may protect plants and help them to improve their tolerance mechanisms against drought stress.
Seed and Oil yield attributes
As shown in Table ( As for the effect of foliar application of Put on seed and oil yield attributes, it was noticed that the treatments of Put at 0.1 or 0.2 mM enhanced significantly (P≤0.05) all the previous traits under the two examined irrigation levels compared to the untreated plants in both seasons. It is well documented that PAs are involved in a wide array of molecular and physiological pathways in plant cell which related directly or indirectly to plant growth and development (Kaur-Sawhney et al 2003).
They also play essential and specific roles with regulatory functions in plant abiotic stress tolerance (Bouchereau et al 1999 and Alcázar et al 2010).
In this study, the growth in terms of fresh and dry weights of leaves and stem, seed yield and its components as well as, several physio-biochemical aspects were positively affected by the treatments of Put. These results may explain the increases in all the previous traits by both examined concentrations of Put compared to the untreated plants. 
